Abstract Somatic embryos were induced from internodal segment derived callus of Oldenlandia umbellata L., in MS medium supplemented with different concentrations of 2,4-Dichlorophenoxy acetic acid (2,4-D). Initially calli were developed from internodes of microshoots inoculated in 2.5 lM NAA supplemented medium. Then calli were transferred to 2,4-D added medium for somatic embryogenesis. Nutritional stress coupled with higher concentration of 2,4-D triggered somatic embryogenesis. Nutritional stress was induced by culturing callus in a fixed amount of medium for a period up to 20 weeks without any external supply of nutrients. Addition of 2.5 lM 2,4-D gave 100% embryogenesis within 16 weeks of incubation. Callus mass bearing somatic embryos were transferred to germination medium facilitated production of in vitro plantlets. MS medium supplemented with 2.5 lM benzyl adenine and 0.5 lM a-naphthalene acetic acid produced 15.33 plants per culture within 4 weeks of culture. Somatic embryo germinated plants were then hardened and transferred to green house.
Introduction
Generally plants show flowering and seed set during unfavorable conditions as a mechanism of survival (Potters et al. 2007 ). Likewise, studies on somatic embryogenesis revealed that stress has a major role in the induction of somatic embryos (Potters et al. 2007; Jin et al. 2014) . Somatic embryogenesis in plants occurs as a result of a series of physiological, biochemical and genetic changes in asexual cells in response to a number of reasons, of which stress is an important one. The stressful conditions induces somatic embryogenesis by chromatin reorganization that lead to 'accidental' release of the embryogenic program (Feher 2005) . A number of studies also support such views (Steward et al. 2002; Williams et al. 2003; Law and Suttle 2005; Zavattieri et al. 2010) . Early stages of somatic embryogenesis are characterized by the induction of many stress-related genes (Davletova et al. 2001) leading to the hypothesis that somatic embryogenesis is an extreme stress response of cultured plant cells (Dudits et al. 1995; Talapatra et al. 2014) . In the present study, the influence of nutritional stress in the development of somatic embryos from Oldenlandia umbellata L. callus.
Oldenlandia umbellata L. (Family Rubiaceae) is a small profusely branched biennial herbaceous plant native to Indian subcontinent. The red coloured dye from the roots of the plant makes the plant both pharmacologically and industrially important (Siva 2007; Siva et al. 2009a Siva et al. , 2012 Mahibalan et al. 2016) . Though the plant is well known for its medicinal and industrial applications, there were very few reports of the in vitro production of high yielding plants. Somatic embryogenesis could be applicable for the high frequency multiplication of O. umbellata plants in vitro.
Materials and methods

Induction of embryogenic calli
Internodal segments (1-1.5 cm) derived from microshoots (Krishnan and Siril 2015) were inoculated in MS medium supplemented with 2.5 lM NAA for the induction of callus. Agar gelled (0.75%, extra pure, bactograde suitable for plant tissue culture, SISCO Research Laboratories, Mumbai, India) MS medium fortified with different concentrations of 2,4-D (1.0, 2.5, 5.0 or 10.0 lM) (Sigma-Aldrich, St. Louis, US) was used for the development of somatic embryos from callus. Each culture tube was filled with 15 mL of MS media. The pH of the medium was adjusted to 5.8 before autoclaving at 121°C and 108 kPa pressure for 15 min. Cultures were incubated at 25 ± 2°C in a culture room with 40 lmol m -2 s -1 irradiance provided by cool white fluorescent tubes (40 W; Philips, India) and were exposed to a photoperiod of 16 h and 55 ± 5% of relative humidity.
Effect of duration of incubation on somatic embryogenesis
To determine the influence of duration of incubation, embryogenic calli developed on 2,4-D (1.0, 2.5, 5.0 & 10 lM) containing media were incubated for different duration (4, 8, 12, 16, 20 weeks) without any external supply of nutrients and percentage of embryogenesis was recorded.
Germination of somatic embryos
Somatic embryos persist on callus mass with maturity were transferred along with embryogenic calli to the regeneration medium. MS medium fortified with a combination of BA and NAA was used for germination of somatic embryos. After 4 weeks of incubation, the plants that were easily detached from callus mass were hardened and transferred to green house.
Experimental design and statistical analysis
All experiments were conducted using a completely randomized block design. Every treatment was composed of three replications and each replication block was represented by seven culture tubes. Data on various parameters were subjected to analysis of variance to determine levels of significance and mean separation was done using Duncan's Multiple Range Test (DMRT, p \ 0.05, Duncan 1955) . Data scored in percentages were subjected to arcsine transformation before subjected to statistical analysis and Stereo microscopic images of globular and heart shaped embryos. Globular and heart shaped stages are indicated with arrow mark. e Callus with germinating somatic embryos on MS medium supplemented with 2.5 lM BA and 0.5 lM NAA. f Plantlets developed from somatic embryo on MS plus 2.5 lM BA and 0.5 lM NAA converted back to percentages for the presentation in tables (Snedecor and Cochran 1962) .
Result and discussion
Induction of embryogenic callus
Internodal segments inoculated in 2.5 lM NAA media produced callus. The calli were further subcultured in different concentrations of 2,4-D added media for somatic embryogenesis. Initially, calli showed a compact, friable or sticky appearance within 4 weeks. Upon extending duration of incubation period, the nature of callus and percentage of embryogenesis were increased. Callus raised in different concentrations of 2,4-D added media showed difference in growth and morphology. As the period of incubation increased, the percentage of embryogenesis also increased. Following 8-weeks of incubation in MS medium containing 2.5 lM 2,4-D, produced 25% of embryogenesis and 16 weeks incubation in this medium produced 100% embryogenic callus (Fig. 1a-d ). An incubation period up to 20 weeks leads to the production of 100% embryogenic callus in medium containing 2.5, 5.0 and 10 lM 2,4-D (Table 1) . Previous reports on somatic embryogenesis suggest that a number of stress factors have a positive influence on somatic embryogenesis. For example, certain plant hormones especially auxins induce somatic embryogenesis (Su et al. 2009; Yang et al. 2012 ). 2,4-D is the most frequently used auxin for the induction of somatic embryogenesis in plants. It is well established that the in vitro development of somatic embryos were strongly influenced by the exogenously supplied auxin. Presence of auxin in the medium possibly influences the gene expression of differentiating cells by increased demethylation of DNA (Lo Schiavo et al. 1989; Steward et al. 2002; Yang and Zhang 2010) . Thus, the pro embryonic cells will produce all gene products for globular stage of somatic embryogenesis. After the induction, further development of somatic embryos can be achieved by removing auxin/reducing auxin concentration from the initiation media. This is because the developing embryonic cells also produce some mRNAs and proteins that inhibit further development of embryogenesis in auxin supplemented media. That is why the removal/reduction of auxin from the medium or transfer of developing somatic embryos to new medium is necessary during somatic embryogenesis (Zimmerman 1993; Yang and Zhang 2010) . Similarly, in the present study the prolonged nutritional stress along with higher levels of exogenous auxin might be the reason for the increased percentage of induction of somatic embryos from callus. 
Germination of somatic embryos
Callus mass bearing somatic embryos were transferred to germination medium resulted in the production of plantlets (Fig. 1e, f) . MS medium supplemented with different concentrations of BA and NAA served as germination medium. A combination of 2.5 lM BA and 0.5 lM NAA produced significantly (p \ 0.05) higher number of plants than other BA and NAA combinations. On an average 15 plants per culture were emerged from 2.5 lM BA and 0.5 lM NAA combinations ( Table 2 ). The overall development of plantlet from somatic embryos were duly documented (Fig. 2) . The plants derived through somatic embryos were further hardened and transferred to a greenhouse. The protocol discussed above is an effective way for in vitro multiplication of O. umbellata. In an early report (Rao and Bahadur 1990) on O. umbellata, somatic embryogenesis was achieved by the addition of BA at 0.2 mg L -1 , ascorbic acid at 0.1% and sucrose at 1.5%, under diffused light (300 lx). Similarly Siva et al. (2009b) has reported somatic embryogenesis and organogenesis from callus using a combination of 1.5 mg L -1 BA, 0.3 mg L -1 NAA and 1% coconut milk. Optimized media combinations in the previous report use complex organic additives along with BA and NAA for organogenesis that diminishes reproducibility of such techniques. The present study is mainly focused on the impact of nutritional stress in somatic embryogenesis from O. umbellata, and the study reveals that prolonged nutritional stress can induce 100% somatic embryogenesis (without any complex additives in the medium) from callus which can result in high turnout in tissue culture of O. umbellata. Further, the molecular mechanism behind the spontaneous triggering of somatic embryogenesis during nutritional stress needs to be studied. 
